Aims Adjunctive therapy with glycoprotein IIb/IIIa inhibitors has been shown to reduce ischaemic complications and improve clinical outcome in patients with primary percutaneous coronary intervention (PCI) for acute ST elevation myocardial infarction. Little is known about the use of eptifibatide in this setting. Methods and results One hundred and two patients with ST elevation myocardial infarction ,12 h scheduled for primary percutaneous intervention were randomly assigned to early eptifibatide given in the emergency room (early) or optional eptifibatide at the time of PCI (late or no). Primary endpoint was the patency of the infarct vessel before PCI. Patients in the early group received their first eptifibatide bolus, a mean of 45 min before angiography. TIMI 3 patency before PCI was observed in 34% in the early group and 10% in late or no group (P ¼ 0.01). The incidence of complete ST resolution 1 h after PCI was 61% in early group and 66% in the late or no group, respectively (P ¼ n.s.). There were no significant differences in the rates of TIMI 3 flow after PCI, death, reinfarction, stroke, and major bleeding complications until day 30. Conclusion In this pilot trial, double bolus eptifibatide given in the emergency room improved TIMI 3 grade flow of the infarct-related coronary artery before PCI. These results should be confirmed in a larger trial and whether this advantage translates into an improvement in clinical outcome should be tested in a trial with primary clinical endpoints.
Introduction
Acute ST elevation myocardial infarction (STEMI) is generally caused by a thrombotic occlusion of a coronary artery. The primary aim of early therapy is a fast and complete reperfusion of the infarcted myocardium. 1, 2 This can be achieved by either fibrinolytic therapy or primary percutaneous coronary intervention (PCI). In randomized comparisons, primary PCI is superior to fibrinolysis regarding rates of recanalization of the infarct vessel, preservation of left ventricular, and reduction in the rate of reinfarctions. 3, 4 Consequently, the in-hospital mortality is lower in patients undergoing primary PCI and it is the preferred reperfusion strategy if performed by skilled investigators. Nevertheless, primary PCI does not always result in a successful myocardial reperfusion despite successful restoration of blood flow in the epicardial infarct-related artery. [5] [6] [7] [8] Adjunctive therapy with the platelet glycoprotein (GP) IIb/IIIa receptor blocker abciximab improved myocardial reperfusion, left ventricular function, and clinical outcome. [9] [10] [11] Furthermore, it could be shown that pre-treatment with GP IIb/IIIa inhibitors can result in patency rates of up to 30-40% prior to PCI. [12] [13] [14] [15] [16] [17] [18] This technically facilitates the intervention and could result in increased TIMI 3 rates and improved microcirculation after PCI. The findings of PAMI and other studies suggest that clinical outcome is improved in patients with TIMI 3 flow before PCI. 19 These observations and the result of the PACT study 20 suggest an additional benefit from a completely patent infarct vessel before PCI. Distal embolization and impairment of microvascular flow have been well recognized as major problems in PCI. 21 & The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org Therefore, therapies sought to improve microvascular flow in patients with AMI are under intense clinical investigation. 22 In the ESPRIT trial, eptifibatide, a synthetic specific GP IIb/IIIa inhibitor, reduced the rate of thrombotic complications in patients with non-urgent stent implantation. 23 This reduction is similar to the reduction of events observed in EPISTENT with abciximab. 24 Therefore, we sought to evaluate whether the pre-treatment with eptifibatide improves the TIMI 3 patency rate of the infarct vessel prior to primary PCI compared with placebo and facilitates this intervention.
Methods

Study design
Integrilin in acute myocardial infarction (INTAMI) was a randomized open comparison of early eptifibatide, heparin, and aspirin vs. heparin, aspirin, and optional eptifibatide during PCI in patients with STEMI ,12 h scheduled for primary PCI. The study was approved by the Ethics Committee of the Landesärztekammer Rheinland-Pfalz in Mainz, and written informed consent was obtained before randomization.
Patient population
Patients were eligible for inclusion if they were .18 years and presented with an acute STEMI defined with angina or equivalent symptoms .30 min, ST elevation .2 leadings (.2 mm precordial lead, .1 mm limb lead) or ST depression .1 mm precordial lead in posterior MI, new or presumed new LBBB, and PCI were planned. The main exclusion criteria were fibrinolytic therapy within 24 h before randomization, oral anticoagulation with an INR .2, platelets ,100 000 or known haemorrhagic diathesis, stroke or TIA within 30 days, evidence of an active gastrointestinal or urogenital bleeding, major surgery within 6 weeks, history of allergic reaction to eptifibatide, severe renal or hepatic insufficiency, contraindication to coronary angiography, severe concomitant disease with life expectation ,1 year.
Study procedures
Randomization was stratified by centre in blocks of 10 patients and done with blinded envelopes. After hospitalization and diagnostic confirmation of myocardial infarction, all patients received aspirin (50 mg i.v.) and heparin (5.000 U i.v., immediately followed by infusion 1.000 U/h-target aPTT 50-70 s). Patients randomized to eptifibatide received a double bolus of 180 mg/kg (10 min interval) followed by infusion of 2.0 mg/kg/min .12-24 h as early as possible.
Catheter evaluation and PCI with possible stent implantation were done according to the local guidelines but within 3 h after admission. The continuation of unfractionated heparin postangiography or procedure was discouraged, but ultimately left to the discretion of the investigator. Clopidogrel was started after PCI with stent, with a loading dose of 300 mg and maintained with a dose of 75 mg daily for at least 30 days.
ST-segment resolution evaluation
Twelve-lead ECGs were recorded at baseline and 60 min (45-75 min) after completion of PCI. The sum of the ST-segment elevation was measured by a central core laboratory without knowledge of treatment assignment as previously described. 25, 26 As in previous studies, complete resolution was defined as resolution of the initial sum of ST-segment elevation 70%. Partial resolution was defined as ST resolution ,70-30%, whereas no resolution was defined as ST resolution ,30%. In addition, the mean extent of ST resolution was calculated and the rate of patients with 50% ST resolution was evaluated.
Angiographic analysis
Angiograms were evaluated centrally and blinded. Patency of the infarct-related artery was evaluated centrally and blinded according to the TIMI criteria. 27 The myocardial perfusion grade was assessed as described following the criteria of the TIMI group. 28 
Endpoints
The primary endpoint was the TIMI 3 patency of the infarct-related coronary artery before PCI. Secondary endpoints were TIMI patency following PCI, ST resolution 60 min after PCI, all-cause death, reinfarction, urgent revascularization, stroke (haemorrhagic, nonhaemorrhagic), and severe bleeding complications.
Reinfarction was defined by recurrent signs and symptoms of ischaemia at rest accompanied by new or recurrent ST-segment elevations of 0.1 mV in at least two contiguous leads lasting 30 min and/or enzyme/biochemical evidence of reinfarction: reelevation of CK-MB or troponin to above the upper limit of normal and increased by 50% over the previous value.
Severe bleeding complications were defined as bleeds that lead to haemodynamic compromise requiring intervention (e.g. blood or fluid replacement, inotropic support, surgical repair) or life-threatening or fatal bleeds, and intracerebral bleedings. Urgent revascularization was defined as recurrent chest pain despite optimized medical therapy leading to an unscheduled revascularization procedure. Stroke was diagnosed based on an imaging study and an expert neurologist opinion. Clinical follow-up for all secondary endpoints was done for 30 days after the index event.
Troponin T and creatinine kinase (CK) levels were obtained on admission. CK values were obtained every 8-12 h during the first 48 h and the peak level was recorded.
Statistics
Descriptive statistics was generated for baseline and clinical demographics, treatment variables, and outcomes. The continuous variables were assessed by the Wilcoxon rank sum test and the values were presented as medians and quartiles. Comparisons between the groups were done with Fisher's exact tests. A P-value of ,0.05 was considered significant. The analysis was performed on an intention-to-treat basis. The test for the primary endpoint was two-sided and not adjusted for multiple testing. This was done with the Fisher's exact test after dichotomizing the TIMI patency rates. All other comparisons were performed two-sided and the Pvalues have to be interpreted in a descriptive sense.
Results
Between October 2002 and April 2004, a total 106 patients were enrolled in three centres into the INTAMI trial. Among these patients, four fulfilled the inclusion criteria, but had acute perimyocarditis (n ¼ 3) and dilated cardiomyopathy (n ¼ 1) diagnosed by the acute coronary angiography. These patients were excluded from further analysis ( Figure 1 ) .
The clinical baseline data of the remaining 102 patients were well balanced between the early eptifibatide group (n ¼ 53) and the late or no eptifibatide group (n ¼ 49) ( Table 1 ). All patients in the early group and none in the late or no group received double bolus administration of eptifibatide before angiography.
Angiographic findings
The angiography was performed in all 102 patients. The median time interval between administration of the first eptifibatide bolus and angiograhy was 45 min ( Table 2) . The angiographic findings are summarized in Table 2 . The incidence of a TIMI flow grade 3 of the infarct-related coronary artery before PCI was significantly (P ¼ 0.01) higher in the early eptifibatide group (18/53 ¼ 34%, 95% CI 22.7-47.4%) compared with the late or no eptifibatide group (5/49 ¼ 10.2%, 95% CI 5.4-20.3%) (Figure 2 ). In addition, there was a non-significant trend (P ¼ 0.06) towards a better patency (TIMI 2/3 flow) of 41. 
PCI results
A PCI was performed in 46 (87%) and 46 (94%) of patients in the early and late or no group, respectively. The reasons for not performing PCI were TIMI 3 flow of the infarct vessel and an only moderate or peripheral stenosis in six patients in the early group and one patient in the late or no group, emergency bypass surgery in two patients in the late or no group, and an occluded vessel not suitable for PCI in one patient in the early group, respectively. Eptifibatide during PCI was given to 42 (86%) patients in the late or no group, in three patients in a bail out situation. Eptifibatide in the late or no group was started after the diagnostic procedure before (n ¼ 30) or during PCI (n ¼ 12). A stent (Boston Express) was implanted in 73 and 74% of patients with PCI in two groups. Emergency coronary artery bypass surgery for severe three-vessel disease was performed in one and two patients in the early and late or no group, respectively. The final TIMI flow grade in patients with and without PCI excluding the patients scheduled for emergency bypass surgery and the patient without PCI attempt is shown in Figure 3 .
ST resolution analysis
ST-segment resolution analysis in patients with ECG in the pre-specified time window of 45-75 min after PCI could be performed in 44 and 34 patients in the early and late or no groups, respectively. In Table 3 , we included patients seven and eight with evaluable ECG obtained earlier (,45 min) after PCI. Reasons to exclude patients from this analysis were poor quality of the baseline ECG or ECG 2, ECG 2 not obtained, and idioventricular rhythm in ECG 2.
The mean sum of ST-segment elevation at baseline was 7.8 and 8.7 mm in the early and late or no group, respectively. There was no difference in ST resolution between the two groups ( Table 3 ).
In-hospital course and 30 days follow-up
The median CK increased to 899 and 1308 U/L in the early and late or no group, respectively (P ¼ 0.4). The eptifibatide infusion was maintained for a median of 16 h in both groups.
The concomitant medication during the hospital stay is shown in Table 4 .
The total mortality until day 30 was 3.9% and two patients died in both groups. No reinfarction was observed in the late or no group, whereas three reinfarctions occurred in the early group. One was caused by a persistent dissection of the origin of left descending artery and another by occlusion of a coronary artery different from the infarct vessel at the index event because of a heparin induced thrombocytopenia type II on day 7. The clinical events occurring until day 30 are summarized in Table 5 .
Discussion
This is the first randomized study to evaluate the effect of early administration of the GP IIb/IIIa inhibitor eptifibatide on patency of the infarct vessel before planned primary PCI in patients with acute ST elevation myocardial infarction. The main finding of this pilot study is that early eptifibatide therapy administered at mean 45 min before angiography seems to improve the rate of pre-interventional TIMI 3 flow.
Previous experience with eptifibatide in STEMI
In a small non-randomized study, eptifibatide given 51 min before angiography was associated with a TIMI 3 flow in the infarct vessel of 33.3% and TIMI 2/3 patency in 56.7%. 29 This was higher than the 10% TIMI 3 flow rate in patients from a historical control group from the same institution. In our study, the TIMI 3 patency of 34% was comparable with this report, and was significantly higher than the 11% TIMI 3 patency in the patients receiving just aspirin and heparin before angiography. Therefore, eptifibatide seems to be associated with an 20% increase in TIMI 3 flow rate before primary PCI. It has to be noted that the numbers in these studies were small, but the results were comparable. Double bolus administration of eptifibatide induces a rapid and stable level of platelet inhibition within 10-15 min. 30 One potential limitation of the earlier administration of GP IIb/IIIa inhibitors could be increased bleeding, but in our trial, no significant differences were observed with respect to major bleeding complications. These results are consistent with the observations in trials using abciximab or tirofiban. However, the number of patients in our study was limited, therefore a potential harmful effect of the early administration cannot be fully excluded.
Myocardial reperfusion and clinical events
The initial advantage of early eptifibatide was not associated with a better myocardial reperfusion indicated by similar extents of ST-segment resolution in both groups. It might well be that eptifibatide has to be administered even earlier in the pre-hospital phase to be beneficial in this respect. Another reason might be that the 20% advantage in TIMI 3 patency before PCI might be not relevant for ST resolution 1 h after completion of the intervention, when TIMI 3 patency was not different between the two groups. However, the extent of ST resolution seen in our study is comparable or even larger when compared with previous reports.
7,31-33 Two-third in both groups had .70% ST resolution and .80% of the patients had .50% ST resolution, cut-off points which were associated with an improved clinical outcome in previous studies and, therefore, used in clinical trials. Our results indicate that adjunctive treatment with eptifibatide in primary PCI might improve myocardial reperfusion, which is of utmost importance for in-hospital and long-term outcome.
The 30 days mortality in our trial was low, and there was no difference between the groups with respect to death, reinfarction, and the need for target vessel revascularization. However, our trial was not designed or powered to detect differences in clinical endpoints.
Experience with other GP IIb/IIIa inhibitors in primary PCI
So far, no direct randomized comparison of different GP IIb/ IIIa inhibitors in patients with STEMI exists. Pharmacodynamical studies have shown that the level of platelet inhibition seen with abciximab and the double bolus regimen of eptifibatide might be superior to that achieved with tirofiban. 34 In a meta-analysis of six randomized trials performed with abciximab or tirofiban, early administration of GP IIb/IIIa inhibitors significantly improved both patency (41.7 vs. 29.8%) and TIMI 3 flow (23 vs. 12%) of the infarct-related coronary artery before planned primary PCI. There was a non-significant reduction of mortality from 4.7 to 3.4% with early when compared with late GP IIb/IIIa inhibitions. 35 The rates of TIMI 3 patency before primary PCI in these six randomized trials, two additional trials, 10, 12 and our study are shown in Figure 4 . There was no heterogeneity between the trials. Therefore, it is uncertain if significant differences exist between the three available intravenous GP IIb/IIIa inhibitors when given before planned primary PCI.
Facilitated PCI
Although there is general agreement that primary PCI is the preferred method of reperfusion in patients with STEMI, when it can be performed timely and by experienced operators, the strategy remains limited by the lack of interventional facilities in most medical centres, even in the western countries. In addition, there is always a certain time delay before PCI restores patency of the infarctrelated artery in which the necrosis of the myocardium goes on. The rationale behind pre-treatment with fibrinolytics, GP IIb/IIIa inhibitors or both before PCI, the so-called facilitated PCI, is that by providing early reperfusion, myocardium can be salvaged before complete mechanical restoration can be achieved. 36 However, so far no study has shown a large improvement in myocardial perfusion before PCI with facilitated PCI. Clearly, the intervention is easier to perform with an already patent infarct vessel. 37 Three larger clinical trials (ASSENT-4 PCI, CARESS, and FINESSE) are currently investigating this concept with various regimens. 38 The advantage of GP IIb/IIIa inhibitors seems to be the lower rate of intra-cerebral bleeding complications compared with fibrinolysis alone or in combination with GP IIb/IIIa inhibitors. In contrast, the rates of epicardial and myocardial reperfusion prior to PCI are higher with fibrinolysis. It might well be that for different patient groups and time delays to PCI, different strategies are preferable, e.g. fibrinolysis for longer delays until PCI and GP IIb/IIIa inhibitors for shorter delays from presentation until primary PCI, and patients with increased risk for intracerebral bleedings. As mentioned before, the study was underpowered to show any significant differences in clinical events. Clearly, normal flow in the infarct-related artery is desirable before primary PCI to facilitate this intervention and to salvage myocardium. However, whether the 20% advantage in TIMI 3 flow associated with the early eptifibatide administration leads to an improvement in clinical 
Limitations
This was a pilot study without statistical power calculations regarding the primary and secondary endpoints. Especially it was not powered to detect any differences in the clinical endpoints. Our study was not double-blind and placebocontrolled. However, the evaluation of the efficacy endpoints TIMI patency and ST resolution were made blinded.
Owing to the limited number of patients in our study, a type I alpha error for the primary endpoint TIMI patency of the infarct vessel before PCI cannot be excluded. In addition, the safety of the early eptifibatide strategy with respect to bleeding complications can only be assessed in a large clinical study.
Conclusion
In this pilot trial, double bolus eptifibatide given in the emergency room improved TIMI 3 grade flow of the infarct-related coronary artery before PCI. These results should be confirmed in a larger trial and whether this advantage translates into an improvement in clinical outcome should be tested in a trial with primary clinical endpoints. Figure 4 Comparison of the TIMI 3 flow rates before primary PCI in patients treated with early and late or no GP IIb/IIIa inhibitors in nine randomized trials.
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